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1. 

INFRARED RESOLUTION AND CONTRAST 
ENHANCEMENT WITH FUSION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This continuation-in-part patent application claims prior 
ity to and the benefit of U.S. patent application Ser. No. 
13/105,765, filed May 11, 2011, which is a continuation 
patent application of PCT Patent Application No. PCT/ 
EP2011 1056432, filed Apr. 21, 2011, which claims priority to 
U.S. patent application Ser. No. 12/766,739, filed Apr. 23, 
2010, and U.S. Provisional Patent Application No. 61/473, 
207, filed Apr. 8, 2011, all of which are claimed for the benefit 
of and incorporated herein by reference in their entirety. 

TECHNICAL FIELD 

The present disclosure relates to a method, imaging device, 
Software, and system for improving an infrared (IR) image. 

BACKGROUND 

Within the area of image processing, an IR image of a scene 
comprising one or more objects can be enhanced by combi 
nation with image information from a visual image, said 
combination being known as fusion. A number of technical 
problems arise when attempting to accomplish Such combi 
nation and enhancement. 

Typically, an imaging device in the form of a camera is 
provided to capture a visual image and an IR image and to 
process these images so that they can be displayed together. 
The combination is advantageous in identifying variations in 
temperature in an object using IR data from the IR image 
while at the same time displaying enough data from the visual 
image to simplify orientation and recognition of objects in the 
resulting image for a user using the imaging device. 

Since the capturing of the IR image and the visual image 
may be performed by different components of the imaging 
device, the optical axes between the imaging components 
may be at a distance from each other and an optical phenom 
enon known as parallax will arise. To eliminate this and the 
error arising from an angle between the optical axes, the 
images must be aligned. 
When combining an IR image with a visual image, a num 

ber of different methods are known. The most commonly 
used are known as threshold fusion and picture-in-picture 
fusion. 

In a method for performing a threshold fusion of images, a 
visual image and an IR image of the same scene are captured. 
In the IR image, a temperature interval is selected and only 
those pixels of the image that correspond to temperatures 
inside the selected interval are chosen and displayed together 
with information data from all other pixels. The resulting 
combination image shows the visual image except for those 
areas where a temperature inside the selected interval can be 
detected and displays data from the IR image in these pixels 
instead. For example, when a wet stain on a wall is to be 
detected, a threshold fusion can be used for determining the 
extent of the moisture by setting the temperature threshold to 
an interval around the temperature of the liquid creating the 
stain. Other parts of the wall will be closer to room tempera 
ture and will show up as visual data on a screen, so that the 
exact position of the stain can be determined. By seeing a 
texture of the wall, for instance a pattern of a wallpaper, the 
location of the stain can be further determined in a very 
precise way. 
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2 
When performing picture-in-picture fusion, a visual image 

and an IR image showing the same scene comprising one or 
more objects are captured, and the pixels inside a predeter 
mined area, often in the form of a square, are displayed from 
the IR image while the rest of the combined image is shown as 
visual data. For example, when detecting a deviation in a row 
of objects that are Supposed to have roughly the same tem 
perature, a square can be created around a number of objects 
and moved until a faulty object is captured besides a correctly 
functioning one and the difference will be easily spotted. By 
displaying elements from the visual image outside this 
square. Such as text or pattern, for instance, the precise loca 
tion of the objects with a specific temperature can be more 
easily and reliably determined. 
The methods for threshold fusion and picture-in-picture 

fusionall display the chosen section of the combined image as 
IR data while the rest is shown as visual data. This has the 
disadvantage that details that are visible in the visual image 
are lost when showing IR data for the same area. Likewise, 
temperature data from the IR image cannot be shown together 
with the shape and texture given by the visual image of the 
SaC aca. 

Some methods exist for blending IR data and visual data in 
the same image. However, the results are generally difficult to 
interpret and can be confusing to a user since temperature data 
from the IR image, displayed as different colors from a palette 
or different grey scale levels, are blended with color data of 
the visual image. As a result, the difference between a red 
object and a hot object, for instance, or a blue object and a cold 
object, can be impossible to discern. Generally, the radiomet 
ric or other IR related aspects of the image, i.e. the signifi 
cance of the colors from the palette or grey scale levels, are 
lost when blending the IR image with the visual image. 

Thus, there exists a need for an improved way of providing 
a combined image comprising data from an IR image and data 
from a visual image together. 

SUMMARY 

One or more embodiments of the present disclosure may 
solve or at least minimise the problems mentioned above. 
This is achieved by a method, an imaging device, and/or a 
non-transitory computer program product according to the 
claims, where an IR image is combined with high spatial 
frequency content of a visual image to yield a combined 
image. According to embodiments, the imaging device com 
prises a processing unit (e.g., a processor, a programmable 
logic device, or other type of logic device) configured to 
perform any or all of the method steps of the method embodi 
ments described herein. The combination is performed 
through Superimposition of the high spatial frequency content 
of the visual image and the IR image, or alternatively Super 
imposing the IR image on the high spatial frequency content 
of the visual image. As a result, contrasts from the visual 
image can be inserted into an IR image showing temperature 
variations, thereby combining the advantages of the two 
image types without losing clarity and interpretability of the 
resulting combined image. 
More specific aspects of the embodiments of the present 

disclosure are explained below. 
The method according to an embodiment of the present 

invention comprises ensuring that the resolutions of the 
images to be combined, i.e. the resolution of a visual image 
and an IR image, are substantially the same. According to 
embodiments described herein, the images may have substan 
tially the same resolution when they are captured, or the 
images may require processing in order to ensure that they 
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have substantially the same resolution before remaining 
method steps are performed. Embodiments for ensuring that 
the images have Substantially the same resolution are pre 
sented herein. 

In a first exemplary embodiment, this (e.g., ensuring that 
the resolution of a visual image and an IR image are Substan 
tially the same) may be performed by configuring an imaging 
device with an IR sensor and a visual image sensor, Such that 
the IR sensor and the visual image sensor have substantially 
the same resolution. In another alternative embodiment, the 
resolutions of the imaging sensors are previously known not 
to be substantially the same, for example to differ more than 
a predetermined difference threshold value. In yet another 
alternative embodiment, if the resolutions of the imaging 
sensors are not previously known, the inventive method may 
include a step of checking whether the resolutions of the 
received images are substantially the same. Checking may be 
performed through comparison of the resolutions of the 
received images, wherein information on the resolutions of 
the images may either be available from the separate imaging 
sensors or retrieved from/calculated based on the received 
images. If the resolutions are found not to be substantially the 
same, either through previous knowledge of the sensor reso 
lutions or through checking of the resolutions, the ensuring 
that the resolutions are substantially the same further includes 
re-sampling of at least one of the received images. 
The method according to another embodiment comprises 

receiving a visual image and an infrared (IR) image of a scene 
and for a portion of said IR image extracting high spatial 
frequency content from a corresponding portion of said visual 
image, i.e. corresponding to the portion of the IR image. 
According to an embodiment, the corresponding portion of 
the visual image is the portion that shows the same part of the 
observed real world scene as the portion of the IR image. The 
method embodiment further comprises combining said 
extracted high spatial frequency content from said portion of 
said visual image with said portion of the IR image, togen 
erate a combined image, wherein the contrast and/or resolu 
tion in the portion of the IR image is increased compared to 
the contrast of said captured IR image. 

According to an embodiment, the resolution of the cap 
tured visual image and the resolution of the captured IR image 
are substantially the same. 

According to different embodiments, said portion of the IR 
image may be the entire IR image or a subportion of the entire 
IR image and said corresponding portion of the visual image 
may the entire visual image or a Sub portion of the entire 
visual image. 

According to an embodiment, said portion is predeter 
mined. According to an embodiment, the method further 
comprises receiving a control signal indicating a manual 
selection of a portion of said IR image. According to an 
embodiment, said portion of the IR image is a predetermined 
area in the IR image. 

According to an embodiment, said portion of the IR image 
and said corresponding portion of said visual image are 
scaled to a predetermined size. According to embodiments, 
said predetermined size is a selection of the size of the 
captured IR image; the size of the captured visual image; and 
the size of a display onto which the combined image is to be 
displayed. 

According to an embodiment, said portion of the IR image 
and said corresponding portion of said visual image are resa 
mpled to match a predetermined resolution. According to 
embodiments, said predetermined resolution is a selection of 
the resolution of the captured IR image; the resolution of the 
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4 
captured visual image; and the resolution of a display onto 
which the combined image is to be displayed. 

Since the resolution of an IR image is generally much 
lower than that of a visual image, due to properties of an IR 
imaging device compared to a visual imaging device, the 
resolution of the IR image may be up-sampled to be substan 
tially the same as the resolution of the visual image. As a 
result, an increased level of detail can beachieved and a more 
easily analysed combined image presented to a user. In 
another example, the visual image can be down-sampled to be 
Substantially the same as the resolution of the IR image. 

In a further example, both images can be sampled to fit a 
third resolution, if suitable. Both images may originally have 
substantially the same resolution, or the resolution of the 
images may differ. After the resampling to fit the third reso 
lution however, both images will have substantially the same 
resolution. This enables the images to be combined in a man 
ner that is convenient and Suitable regardless of how they are 
to be displayed. In one example, the third resolution can be 
that of a display screen where the combined image is to be 
displayed. 

Additionally, extraction of high spatial frequency content 
in the visual image and de-noising and/or blurring of the IR 
image, or a portion of the IR image, may preferably be per 
formed. Typically, this is achieved by high pass filtering the 
visual image and low pass filtering the IR image, or the 
portion of the IR image, by use of spatial filters that are moved 
across the images, pixel by pixel. It is evident to a person 
skilled in the art that other well-known image processing 
methods may be used to render the same result. As a result of 
the filtering performed on the IR image, or the portion of the 
IR image, the IR image, or the portion of the IR image, can be 
rendered Smooth and/or contain a reduced amount of noise 
compared to the original IR image. Additionally, the high 
spatial frequency content extracted from the visual image 
contains information on large contrasts in the visual image, 
i.e. information on where sharp edges Such as object contours 
are located in the visual image. The step of performing filter 
ing of the IR image is optional. The method for an embodi 
ment of the present invention gives beneficial effects on the 
resulting image shown to the user even without the filtering of 
the IR image and a user would be able to clearly discern one 
or more objects in the scene depicted in the IR image, or the 
portion of the IR image, and the temperature information in 
connection with the imaged scene. However, since sharp 
edges and noise visible in the original IR image, or the portion 
of the IR image, are removed or at least diminished in the 
filtering process, the visibility in the resulting image may be 
further improved through the filtering of the IR image and the 
risk of double edges showing up in a combined image where 
the IR image and the visual image are not aligned is reduced. 

Besides high pass filtering, examples of methods for 
extracting high spatial frequency content in an image may 
include extracting the difference (commonly referred to as a 
difference image) between two images depicting the same 
scene, where a first image is captured at one time instance and 
a second image is captured at a second time instance, prefer 
ably close in time to the first time instance. The two images 
may typically be two consecutive image frames in an image 
frame sequence. High spatial frequency content, representing 
edges and contours of the objects in the scene, will appear in 
the difference image unless the imaged scene is perfectly 
unchanged from the first time instance to the second, and the 
imaging sensor has been kept perfectly still. The scene may 
for example have changed from one frame to the next due to 
changes in light in the imaged scene or movements of 
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depicted objects. Also, in almost every case the imaging sen 
sor will not have been kept perfectly still. 

If the imaging device is handheld, it is evident that there 
will be movements caused by the user of the imaging device. 
If the camera is stationary, for example on a stand, vibrations 
of the imaging device or the Surroundings may cause move 
ments of the imaging sensor. Vibrations of the imaging device 
may for example becaused by image stabilization systems, 
which are commonly used in visual imaging devices in order 
to compensate for movements of the imaging device. Differ 
ent ways of accomplishing image stabilization is well known 
in the art. In an imaging device having an image stabilization 
system, the imaging sensor may be placed on an element that 
enables moving the imaging sensor in response to measured 
movements of the imaging device. This construction could be 
used to capture edges/contours in difference images, if the 
movements of the imaging sensor are controlled to corre 
spond to a certain, predefined difference between consecutive 
image frames. In this case, the difference may further corre 
spond to a certain width of the edges/contours of the differ 
ence image, the width being chosen according to circum 
Stances. 

Another way of obtaining images from which a difference 
image can be derived is to use the focus motor of the imaging 
device to move one or more lenses of the imaging device. The 
use of a focus motor for moving lenses in an imaging device 
is well known in the art. In this case, an image captured by the 
imaging device when it is slightly out of focus would be a 
Smoothed and de-noised image that could directly correspond 
to a low-pass filtered image. After the focus of the imaging 
device has been reset, a focused image may be captured and 
the high spatial frequency content of the focused image may 
be obtained by subtracting the out-of-focus image from the 
focused image. 
The approaches of using vibrations of the imaging sensor 

of refocusing of one or more lenses in the imaging device 
further do not necessarily require any digital image process 
ing and could therefore be used in connection with analog 
imaging devices. AS is evident to a person skilled in the art, by 
Subtracting the extracted high spatial frequency content 
obtained by any of the methods described above from an 
image a corresponding low-pass filtered version of the image 
is obtained, since only the lower spatial frequency content 
remains after the Subtraction. When combining the images, 
adding the high pass filtered or extracted high spatial fre 
quency content of the visual image, or the portion of the visual 
image, to the IR image, or to the portion of the IR image, adds 
contours and contrasts to the IR image, or to the portion of the 
IR image, but does not otherwise alter it. As a result, the 
borders and edges of objects captured by the images can 
clearly be seen in the combined image, while at the same time 
maintaining a high level of radiometry or other relevant IR 
information. 

In one example, to preserve the color or grey Scale palette 
of the IR image, only the luminance component of the filtered 
visual image, or the portion of the filtered visual image, may 
be added to the IR image, or to the portion of the IR image. As 
a result, the colors are not altered and the properties of the 
original IR palette maintained, while at the same time adding 
the desired contrasts. To maintain the IR palette through all 
stages of processing and display is beneficial, since the radi 
ometry or other relevant IR information may be kept through 
out the process and the interpretation of the combined image 
may thereby be facilitated for the user. 
When combining the luminance of the visual image, or the 

portion of the visual image, with the IR image, or with the 
portion of the IR image, a factor alpha can be used to deter 
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6 
mine the balance between the two images. This factor can be 
decided by the imaging device or imaging system itself, using 
suitable parameters for determining the level of contour 
needed from the visual image to create a good image, but can 
also be decided by a user by giving an input to the imaging 
device or imaging system. The factor can also be altered at a 
later stage. Such as when images are stored in the system or in 
a PC or the like and can be adjusted to suit any demands from 
the user. 

Before displaying the resulting combined image to a user, 
high resolution noise may be added to the image in order to 
create an impression of high resolution and increased detail 
and make the image more easily interpreted by the user. 
The scope of the invention is defined by the claims, which 

are incorporated into this Summary by reference. A more 
complete understanding of embodiments of the invention will 
be afforded to those skilled in the art, as well as a realization 
of additional advantages thereof, by a consideration of the 
following detailed description of one or more embodiments. 
Reference will be made to the appended sheets of drawings 
that will first be described briefly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a flow chart of a method according to an 
exemplary embodiment. 

FIG.2 shows a schematic view of a method with the images 
of the different stages of the method according to an exem 
plary embodiment. 
FIG.3a shows an IR image in halftone. 
FIG.3b shows the IR image of FIG.3a inhalftone after low 

pass filtering. 
FIG.3c shows extracted high spatial frequency content of 

a visual image in halftone, in this example obtained by high 
pass filtering. 

FIG. 3d shows a combination of the low pass filtered IR 
image of FIG. 3b with the high pass filtered visual image of 
FIG. 3C in halftone. 

FIG. 4 shows an exemplary embodiment of an image pro 
cessing system for performing a method according to an 
exemplary embodiment. 

FIG. 5a shows the IR image of FIG. 3a with areas of 
different temperatures marked by different patterns. 

FIG.5b shows the image of FIG.3b with areas of different 
temperatures marked by different patterns. 

FIG. 5c shows the image of FIG.3c. 
FIG. 5d shows the image of FIG.3d with areas of different 

temperatures marked by different patterns. 
FIG. 6a shows a low resolution IR image of a scene. The 

shown image has a resolution of 32x32 pixels. 
FIG. 6b shows the IR image of FIG. 6a after the IR image 

has been re-sampled, processed and combined with extracted 
high spatial frequency content of a visual image depicting the 
SaC SCCC. 

FIG. 7a shows a combined image according to an embodi 
ment. 

FIG. 7b shows scaling of a portion of an IR image and a 
resulting combined image according to an embodiment. 

FIG. 8a shows an IR image according to an embodiment. 
FIG. 8b shows a combined image according to an embodi 

ment. 

Embodiments of the invention and their advantages are 
best understood by referring to the detailed description that 
follows. It should be appreciated that like reference numerals 
are used to identify like elements illustrated in one or more of 
the figures. 
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DETAILED DESCRIPTION 

In FIG. 1, an exemplary method according to an embodi 
ment of the present disclosure can be seen. At block 101 a 
visual image is captured and at block 102 an IR image is 
captured. The visual image and IR image may be captured by 
an optical sensor and an IR sensor, respectively. After capture, 
the visual image and the IR image may be aligned at block 
103 to compensate for the parallax between the optical axes 
that generally arises due to differences in placement of the 
sensors for capturing said images and the angle created 
between these axes because of mechanical tolerances that 
generally prevents them being mounted exactly parallel. 
The blocks 101, 102 can be performed simultaneously or 

one after the other. In one example, the images may be cap 
tured at the same time or with as little time difference as 
possible, since this will decrease the risk for alignment dif 
ferences due to movements of an imaging device unit captur 
ing the visual and IR images. As is readily apparent to a 
person skilled in the art, images captured at time instances 
further apart may also be used. 

After alignment at block 103, ensuring that the visual 
image resolution and the IR image resolution are Substan 
tially the same is performed at block 110. In a first exemplary 
embodiment, this may be performed by configuring an imag 
ing device with an IR sensor and a visual image sensor. Such 
that the IR sensor and the visual image sensor have Substan 
tially the same resolution. In another exemplary embodiment, 
the resolutions of the imaging sensors are previously known 
not to be substantially the same, for example to differ more 
than a predetermined difference threshold value. In yet 
another exemplary embodiment, if the resolutions of the 
imaging sensors are not previously known, the inventive 
method may include a step of checking whether the resolu 
tions of the received images are substantially the same at 
block 109. Checking may be performed through comparison 
of the resolutions of the received images, wherein informa 
tion on the resolutions of the images may either be available 
from the separate imaging sensors or retrieved from or cal 
culated based on the received images. If the resolutions are 
found not to be substantially the same, either through previ 
ous knowledge of the sensor resolutions or through checking 
of the resolutions, the ensuring that the resolutions are Sub 
stantially the same further includes re-sampling of at least one 
of the received images at block 104. 

According to an embodiment, the method steps are per 
formed for a portion of the IR image and a corresponding 
portion of the visual image. According to an embodiment, the 
corresponding portion of the visual image is the portion that 
shows the same part of the observed real world scene as the 
portion of the IR image. According to different embodiments, 
the corresponding part of the visual image may be detected or 
identified using alignment and/or stabilization of the images; 
object or feature detection; and/or known relationships 
between the imaging devices 11, 12 (FIG. 4 and described 
further herein). Such as parallax and pointing errors known 
from design, production, and/or calibration of the imaging 
device unit 1 (shown and described in reference to FIG. 4). 
According to an embodiment, the method comprises receiv 
ing a visual image and an infrared (IR) image of a scene and 
for a portion of said IR image extracting high spatial fre 
quency content from a corresponding portion of said visual 
image, i.e. corresponding to the portion of the IR image. In 
this embodiment, high spatial frequency content is extracted 
from the portion of the visual image, and the portion of the IR 
image is combined with the extracted high spatial frequency 
content of the portion of the visual image, to generate a 
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combined image, wherein the contrast and/or resolution in the 
portion of the IR image is increased compared to the contrast 
of the originally captured IR image. 

According to an embodiment, the resolution of the cap 
tured visual image and the resolution of the captured IR image 
are substantially the same. 

According to different embodiments, said portion of the IR 
image may be the entire IR image or a Sub portion of the entire 
IR image and said corresponding portion of the visual image 
may be the entire visual image or a Sub portion of the entire 
visual image. In other words, according to an embodiment the 
portions are the entire IR image and a corresponding portion 
of the visual image that may be the entire visual image or a 
subpart of the visual image if the respective IR and visual 
imaging systems have different fields of view. 

According to an embodiment, the identified portion of the 
IR image is predetermined, e.g. comprising a predetermined 
area or region of the IR image. According to another embodi 
ment, the method further comprises receiving a control signal 
indicating a manual selection of a portion of said IR image. 

According to another embodiment, the portions comprise a 
Subpart of the IR image and a corresponding Subpart of the 
visual image, respectively, whereby the high frequency con 
tent of said subpart of the visual image is in the last step 
combined with said Subpart of the IR image. According to an 
embodiment, wherein the portion of the IR image is a subpart 
of the captured IR image, the resulting combined image can 
be seen as a "picture in picture' image, comprising the cap 
tured IR image and the IR image portion with increased 
contrast from adding high frequency content added from the 
corresponding portion of the visual image. An example of a 
resulting "picture in picture' image according to one or more 
embodiments of the invention is shown in FIG. 7a, showing 
an IR image 700 wherein the portion 720, having increased 
contrast and/or resolution, is indicated with a dotted outline 
710, for improved visibility. Such an outline or other indicat 
ing information may optionally be present in the combined 
image displayed to the user. 

According to one or more embodiments, wherein the por 
tions are subparts of the IR and visual images respectively, the 
portion of the IR image and said corresponding portion of said 
visual image may be scaled to a predetermined size. Accord 
ing to an embodiment, said portion of the IR image and said 
corresponding portion of said visual image are resampled to 
match a predetermined resolution. According to one or more 
embodiments, said predetermined resolution is a selection of 
the resolution of the captured IR image; the resolution of the 
captured visual image; and the resolution of a display onto 
which the combined image is to be displayed. 

According to one or more embodiments, said predeter 
mined size is a selection of the size of the captured IR image: 
the size of the captured visual image; and the size of a display 
onto which the combined image is to be displayed. In other 
words, the corresponding portions may for instance be scaled 
to fit the resolution of the captured IR image, the captured 
visual image, or a display onto which the combined image is 
to be displayed. According to an embodiment, the portions 
are scaled to match the resolution of the captured IR image. 
The Scaling according to different embodiments may be per 
formed either before the extraction of high spatial frequency 
content described below, directly after the extraction, or after 
the combination of the high spatial frequency content with the 
portion of the IR image. According to all these scaling 
embodiments, the scaled version of the combined image may 
then be stored and or presented to a user on a display inte 
grated in or coupled to the imaging device unit used for 
capturing the images. In FIG. 7b, an example of a manual or 
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an automatic/predetermined selection of a portion corre 
sponding to an area (e.g., portion 720 having dotted outline 
710) of the IR image 700 is shown. Furthermore, FIG. 7b 
shows a resulting combined image portion 720 that has been 
scaled to fit a larger resolution, for example the resolution of 5 
a certain display. In FIGS. 7a and 7b the portions are shown as 
rectangular areas. AS is readily apparent to a person skilled in 
the art, the portions may have any shape, size and location in 
the IR image. 

In FIGS. 7a and 7b, a low resolution IR image 700 of 32x32 10 
pixels is shown. However, preferably the IR image from 
which a portion is selected or identified has a higher resolu 
tion, so that the selected or identified portion will have a 
resolution of at least 32x32 pixels. An example of a higher 
resolution IR image 800, showing a parking lot filled with 15 
cars, is shown in FIG.8a. The resolution of the IR image 800 
is indicated on its X and y axis, respectively. In image 800, two 
high intensity spots seemingly indicating hot spots on the 
wall of the house on the other side of the parking lot are 
marked by a circle 810. The circle is only there for visibility 20 
reasons. In a use case embodiment, the user may have iden 
tified the spots as interesting to investigate further. Therefore, 
the user selects an area or a portion 820 to Zoom into and 
perform contrast/resolution enhancement on according to any 
of the method embodiments presented herein. In FIG. 8b, the 25 
resulting Zoomed-in combined image 830 is shown. On the X 
and y axes of the combined image 830 it is indicated which 
part of the IR image 800 the selected portion represents. From 
the combined image 830, the user can easily see that the 
hotspots that were presumably located on the wall of the 30 
house are in fact street lights on the parking lot. Thereby, the 
user's understanding of the content shown in the IR image is 
enhanced through the presented method. In FIG. 8b, the com 
bined image is shown in a Zoomed-in form to the user, e.g. 
filling the entire display onto which the image is presented. 35 
Alternatively, the combined image may be presented as a 
picture in picture image, in the manner shown in FIG. 7a. 

According to an embodiment, the combined image is 
scaled to completely fill the display. According to another 
embodiment, the combined image is windowed and scaled so 40 
that it matches the identified portion of the captured visual 
image. The combined image may according to this embodi 
ment be displayed over the matching area of the visible-light 
image, thereby providing a picture in picture effect. 

Standard image processing techniques, such as Scaling 45 
and/or windowing for example, are used to fit the combined 
image into the desired area of the display. 

According to an embodiment, the portion of the IR image 
may be selected by a user giving a selection input to the 
imaging device or imaging system for example using an input 50 
device integrated in or coupled to the imaging device unit 
(e.g., such as integrated in or coupled to control unit 42 and/or 
display 3 of FIG. 4 discussed further herein). The input device 
may be a selection of buttons, keyboard, soft buttons, a com 
puter mouse, touch functionality, a joystick or any other input 55 
functionality that enables a user to perform a selection in 
interaction with a user interface wherein the IR image, the 
visual image or a combined version of the two, e.g. a blended 
or fused image, is shown. According to this embodiment, the 
method further comprises receiving a control signal indicat- 60 
ing a manual selection of a portion of said IR image, gener 
ated by the input provided by the user. 

According to another embodiment, said portion (e.g., por 
tion 720) is predetermined or set to a default subpart of the 
captured IR image, for instance during design, production, 65 
and/or calibration of the imaging device unit. The predeter 
mined portion may for instance be a subpart located in the 

10 
center of the captured IR image, a subpart of the image 
wherein the outermost parts, e.g. a "frame are not included, 
or in any other Suitable area selected during setting of the 
predetermined portion. According to an embodiment, the pre 
determined portion may be indicated, marked, and/or high 
lighted in agraphical user interface integrated in or coupled to 
a display (e.g., Such as integrated in or coupled to display 3 of 
FIG. 4 discussed further herein) showing the captured IR 
image or a blended, fused or picture in picture version of the 
captured IR and visual images. For instance, the predeter 
mined portion may be marked by a frame or outline. 

Herein, the term IR image may refer to the originally 
captured IR image, a portion of the originally captured IR 
image, or a scaled version of the portion of the IR image. 

In one exemplary embodiment, the IR image may be re 
sampled to increase or decrease its resolution. Typically, the 
resolution of a captured IR image has a different resolution 
than that of a captured visual image; usually the IR image has 
a lower resolution than the resolution of the visual image. A 
normal resolution for an IR image can for instance be 320x 
240 pixels, while a normal resolution for a visual image can 
be around 5 M pixels. If the resolutions of images to be 
combined are not substantially the same, at least one of them 
may have its resolution altered to match the other in order to 
compensate for the difference and more successfully com 
bine the images. In one example, this may be done by up 
sampling the IR image to the resolution of the visual image 
through interpolation. It is also possible to configure an imag 
ing device with an IR sensor and a visual image sensor having 
Substantially the same resolutions. 
As an alternative to up-sampling the IR image, the visual 

image may be down-sampled to fit the resolution of the IR 
image, or both images can be sampled to fit a third resolution. 
Both images may originally have Substantially the same reso 
lution, or the resolution of the images may differ. After the 
resampling to fit the third resolution however, both images 
will have substantially the same resolution. This enables the 
images to be combined in a manner that is convenient and 
suitable regardless of how they are to be displayed. 

If the combined image is to be stored and displayed by an 
IR camera, a PC or other device with a high resolution in for 
example image data structures and/or image display means, it 
can be convenient to up-sample the IR image to fit the gen 
erally higher resolution of the visual image. However, if the 
combined image is to be displayed by a system with much 
lower resolution, it may be more suitable to down-sample the 
visual image to fit this requirement. According to an exem 
plary embodiment, a third resolution may be selected to be the 
resolution of a display screen where the combined image is to 
be presented. Both images may originally have substantially 
the same resolution, or the resolution of the images may 
differ. It is, however, beneficial if the resolutions of the visual 
image and the IR image, respectively, are Substantially the 
same before the images are to be combined, so that a Suitable 
matching of data for each pixel of the images can be per 
formed. 
At block 105, the high spatial frequency content of the 

visual image may be extracted, for example by high pass 
filtering the visual image using a spatial filter. Besides high 
pass filtering, examples of methods for extracting high spatial 
frequency content in an image may include extracting the 
difference (commonly referred to as a difference image) 
between two images depicting the same scene, where a first 
image is captured at one time instance and a second image is 
captured at a second time instance, preferably close in time to 
the first time instance. The two images may typically be two 
consecutive image frames in an image frame sequence. High 
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spatial frequency content, representing edges and contours of 
the objects in the scene, will appear in the difference image 
unless the imaged scene is perfectly unchanged from the first 
time instance to the second, and the imaging sensor has been 
kept perfectly still. The scene may for example have changed 
from one frame to the next due to changes in light in the 
imaged scene or movements of depicted objects. Also, in 
almost every case the imaging sensor will not have been kept 
perfectly still. 

If the imaging device is handheld, it is evident that there 
will be movements caused by the user of the imaging device. 
If the camera is stationary, for example on a stand, vibrations 
of the imaging device or the Surroundings may cause move 
ments of the imaging sensor. Vibrations of the imaging device 
may for example becaused by image stabilization systems, 
which are commonly used in visual imaging devices in order 
to compensate for movements of the imaging device. Differ 
ent ways of accomplishing image stabilization is well known 
in the art. In an imaging device having an image stabilization 
system, the imaging sensor may be placed on an element that 
enables moving the imaging sensor in response to measured 
movements of the imaging device. This construction could be 
used to capture edges/contours in difference images, if the 
movements of the imaging sensor are controlled to corre 
spond to a certain, predefined difference between consecutive 
image frames. In this case, the difference may further corre 
spond to a certain width of the edges/contours of the differ 
ence image, the width being chosen according to circum 
Stances. 

Another way of obtaining images from which a difference 
image can be derived is to use the focus motor of the imaging 
device to move one or more lenses of the imaging device. The 
use of a focus motor for moving lenses in an imaging device 
is well known in the art. In this case, an image captured by the 
imaging device when it is slightly out of focus would be a 
Smoothed and de-noised image that could directly correspond 
to a low-pass filtered image. After the focus of the imaging 
device has been reset, a focused image may be captured and 
the high spatial frequency content of the focused image may 
be obtained by subtracting the out-of-focus image from the 
focused image. 
The approaches of using vibrations of the imaging sensor 

of refocusing of one or more lenses in the imaging device 
further do not necessarily require any digital image process 
ing and could therefore be used in connection with analog 
imaging devices. AS is evident to a person skilled in the art, by 
Subtracting the extracted high spatial frequency content 
obtained by any of the methods described above from an 
image a corresponding low-pass filtered version of the image 
is obtained, since only the lower spatial frequency content 
remains after the subtraction. 
At block 106, the IR image may be processed in order to 

reduce noise in the image and/or blur the image, for example 
through the use of a spatial low pass filter. Low pass filtering 
may be performed by placing a spatial core over each pixel of 
the image and calculating a new value for said pixel by using 
values in adjacent pixels and coefficients of said spatial core. 
In another example, the images may be filtered using Software 
alone. 
A spatial low pass filter core can be a 3x3 filter core with 

the coefficient 1 in every position, and the filtered value of a 
pixel can be calculated by multiplying an original pixel value 
and eight adjacent pixels each by their filter coefficient, add 
ing them together, and dividing by 9. After performing this 
operation for each pixel in an IR image, a low pass filtered 
image with a Smoother appearance can be created. For high 
pass filtering an IR image, the same filter coefficients can be 
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used. Such that the high pass filtered image is formed by 
Subtracting the low pass filtered image from the original 
image, one pixel at a time, in a manner well-known in the art. 
It is to be noted, however, that the coefficients of the filter core 
can be set to different values, and that a size of the filter core 
can be other than the 3x3 filter core described above. The 
resulting processed visual image and the possibly processed 
IR image may be combined at block 107. Before displaying 
the resulting combined image high resolution noise, for 
example high resolution temporal noise, may be added at 
block 108. 
The step of performing filtering of the IR image at block 

106 is optional. The method for an embodiment of the present 
invention gives beneficial effects on the resulting image 
shown to the user even without the filtering of the IR image 
and a user would be able to clearly discern objects in the 
imaged scene as well as temperature information of the 
imaged scene. The purpose of the low pass filtering per 
formed at block 106 is to smooth out unevenness in the IR 
image from noise present in the original IR image captured at 
block 102. Since sharp edges and noise visible in the original 
IR image are removed or at least diminished in the filtering 
process, the visibility in the resulting image is further 
improved through the filtering of the IR image and the risk of 
double edges showing up in a combined image where the IR 
image and the visual image are not aligned is reduced. 
A high pass filtering is performed for the purpose of 

extracting high spatial frequency content in the image, in 
other words locating contrast areas, i.e. areas where values of 
adjacent pixels display large differences, such as sharp edges. 
A resulting high pass filtered image can be achieved by Sub 
tracting a low pass filtered image from the original image, 
calculated pixel by pixel, as will also be described in detail 
below. 
As is readily apparent to a person skilled in the art, after the 

method steps according to any of the embodiments presented 
herein have been performed, the resulting image or parts of 
the resulting image may be further processed according to 
methods perse known in the art. FIG. 2 shows an exemplary 
embodiment of images that are produced at different blocks 
of the method illustrated by FIG.1. A visual image 301 that is 
captured at block 101 and an IR image 302 captured at block 
102 are used as input for up-sampling and filtering during 
processing 303, corresponding to blocks 103,104,105,106. 

After processing 303, extracted high spatial frequency con 
tent 304 of the visual image is shown, where the contours of 
objects present in the original visual image 301 can be seen. 
According to an exemplary embodiment of the present inven 
tion, the IR image 302 is processed into a low pass filtered and 
up-sampled image 305. The up-sampling has increased the 
resolution of the image and now each object in the imaged 
scene can be seen more clearly, without showing much noise 
in the form of blurs or graininess in the low pass filtered image 
305. Arrows from the extracted high spatial frequency content 
of the visual image 304 and the low pass filtered IR image 305 
that can now be described as processed images 304, 305, 
indicate a combination of these images 304, 305 to form a 
combined image 307 where the processed IR image 305, 
displaying the Smooth temperature distribution in the imaged 
scene is combined with the processed visual image 304 where 
the contours or edges from objects of the original visual 
image 301 are also shown. The combined image 307 thus 
displays the advantages of the IR image 302, where any 
differences in temperature across the objects are shown, with 
the contours from the processed visual image 304 in order to 
show the shape of each object more clearly. The combination 
is preferably performed through either Superimposing the 
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high spatial frequency content of the visual image on the IR 
image, or alternatively Superimposing the IR image on the 
high spatial frequency content of the visual image. 

According to an exemplary embodiment of the present 
invention, the IR image may be captured with a very low 
resolution IR imaging device, the resolution for instance 
being as low as 64x64 or 32x32 pixels, but many other reso 
lutions are equally applicable, as is readably understood by a 
person skilled in the art. 

According to another embodiment, a portion of the IR 
image having a size of 64x64 pixels or less, or even 32x32 
pixels or less, is identified in the IR image. According to an 
embodiment, the location/area in the IR image representing 
the portion may be predetermined or determined based on 
manual input. 
A 32x32 pixel IR image in itself contains very little infor 

mation and it is hard for a viewer to interpret the information 
in the image. An example of an IR image having the resolu 
tion of 32x32 pixels is shown in FIG. 6a. The inventor has 
found that if edge and contour (high spatial frequency) infor 
mation is added to the combined image from the visual image, 
the use of a very low resolution IR image will still render a 
combined image where the user can clearly distinguish the 
depicted objects and the temperature or other IR information 
related to them. FIG. 6b shows the IR image of FIG. 6a after 
the IR image has been re-sampled and combined with 
extracted high spatial frequency content of a visual image 
depicting the same scene. This enables the inventive method 
for an embodiment to be used in combination with very small 
and inexpensive image detectors, still rendering very advan 
tageous results. 

According to another exemplary embodiment, the IR 
image may be captured with a high resolution IR imaging 
device. As the technology advances, IR imaging devices con 
tinue to get higher resolution. A high resolution IR imaging 
device today would for instance have a resolution of 640x640 
pixels. An IR image captured with Such a high resolution 
imaging device may possibly in itself be sufficient to show 
edge and contour information to a viewer. By combining Such 
a high resolution. IR image with the high spatial frequency 
content of a corresponding visual image may enable the 
viewer to see further details of the visual image, not shown in 
the IR image. For example, an area where water damage has 
been identified may be drawn/outlined on a wall using a pen. 
This information may be advantageous to have in combina 
tion with the measured temperature information. In another 
example, there may be a serial number or other identifying 
letters or digits in the image that may help in identifying the 
depicted Scene or objects in the scene. A high resolution IR 
image may further advantageously be down-sampled and/or 
de-noised/low pass filtered to a high degree, whereby the 
resulting processed IR image would contain a very low level 
of noise, but still has very high sensitivity when it comes to the 
temperature information of the depicted Scene. 

High resolution noise 306 may be added to the combined 
image 307, corresponding to block 108, in order to render the 
resulting image more clearly to the viewer and to decrease the 
impression of Smudges or the like that may be present due to 
noise in the original IR image 302 that has been preserved 
during the low pass filtering of said IR image 302. 

FIG.3a shows an IR image 302 immediately after capture 
at block 102. The imaged scene represents a bookcase with 
binders arranged in rows and with shelves fitted at certain 
heights. As can be seen, the objects in the scene are at different 
temperatures, shown as different sections, where the upper 
most parts of the image and the binders placed on the middle 
shelfare warmer than the lower shelf or the areas beside and 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
above the binders. The actual shapes of the objects depicted 
are difficult to discern, since no contours of the objects other 
than the lines between different temperatures are displayed. It 
would therefore be very difficult for a user confronted with 
this image alone to identify a specific object of a certain 
temperature. The IR image has been colored according to a 
chosen color space (described further below), by adding color 
to the signal after filtering. 

In an exemplary embodiment of the present invention, the 
captured IR image is processed through low pass filtering. 
FIG. 3b shows a low pass filtered IR image 305. The spatial 
filtering has smoothed out unevenness in the captured IR 
image 302 and thereby made it easier to differentiate between 
different objects in the scene. Further, the filtering has 
removed noise from the image 302. Also, the edges between 
these objects have been smoothed out. This may be done since 
contours are to be added from the filtered visual image 304, 
and any alignment error between the images would otherwise 
result in double contours that might be distracting to a viewer. 

In an exemplary embodiment of the present invention, the 
high spatial frequency content of the captured visual image is 
extracted by high pass filtering of the visual image. Such a 
high pass filtered visual image 304 that is the result of high 
pass filtering the captured visual image 301, is shown in FIG. 
3c. In the high pass filtered visual image 304, mainly the 
contours and edges of the objects in the scene imaged in the 
original visual image 301 can be seen. The contours of and 
edges between objects as well as lines such as text on the 
binders or patterns from the books are visible. 

FIG.3d shows a combined image 307 after the original IR 
image 302 has been up-sampled, low pass filtered, and com 
bined with a high pass filtered visual image of the same scene. 
The areas of different temperatures can still be seen, but the 
borders between them have become clearer and contour lines 
for the binders and the shelves have been added, originating 
from the high pass filtered visual image and showing details 
that cannot be seen in an IR image. Such as text or other visual 
patterns. An increased clarity also comes from the low pass 
filtering of the IR image, where noisy pixels within larger 
fields of different temperature have been smoothed out to 
form larger areas that are more similar. As a result, at least a 
portion of the noise that may arise from the conditions under 
which the original image was captured can be eliminated. 

FIGS. 5a-5d depict the images of FIGS. 3a–3d described 
above, but in a manner where areas of different temperature 
are marked by different patterns, instead of in halftone. 
Everything that is said with reference to FIGS. 3a-3d canthus 
be directly applied to FIGS. 5a-5d, respectively. 
The low pass filtering that is performed on the IR image 

302 may be performed by using a spatial filter with a suitable 
filter core, in order to calculate a new value for each pixel 
depending on the previous value and those of the Surrounding 
pixels. The high pass filtering is generally performed by 
applying a low pass filter and Subtracting the resulting low 
pass filtered image from the original image, leaving only lines 
and edges to be seen in the high pass filtered image. As 
previously mentioned, methods of applying spatial filters are 
well known in the art and any Such method may be used. 
When choosing a palette, for instance according to the 

YCbCr family of color spaces, the Y component (i.e. the 
luminance) may be chosen as a constant over the entire pal 
ette. In one example, the Y component may be selected to be 
0.5 times the maximum luminance. As a result, when com 
bining the IR image according to the chosen palette with the 
visual image, the Y component of the processed visual image 
304 can be added to the processed IR image 305 and yield the 
desired contrast without the colors of the processed IR image 
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305 being altered. The significance of a particular nuance of 
coloris thereby maintained during the processing of the origi 
nal IR image 302. 
When calculating the color components, the following 

equations can be used to determine the components Y. Crand 
Cb for the combined image 307 with the Y component from 
the high pass filtered visual image 304 and the Cr and Cb 
components from the signal of the IR image 305. 

hp y Vis highpass(y vis) 

(y incr inch ir)-colored (lowpass (ir signal 
linear)) 

which in another notation would be written as: 

hp, highpass(y) 

(y Crich.)-colored(lowpass(ir tie.)) 
Other color spaces than YCbCr can, of course, also be used 

with embodiments of the present disclosure. The use of dif 
ferent color spaces, such as RGB, YCbCr, HSV. CIE 1931 
XYZ or CIELab for instance, as well as transformation 
between color spaces is well known to a person skilled in the 
art. For instance, when using the RGB color model, the lumi 
nance can be calculated as the mean of all color components, 
and by transforming equations calculating a luminance from 
one color space to another, a new expression for determining 
a luminance will be determined for each color space. 

In one embodiment, block 107 of combining the processed 
visual image 304 with the processed IR image 305 can be 
performed using only the luminance component Y from the 
processed visual image 304. 

It is to be noted that the blocks of the method described 
above can be performed in different order if suitable in accor 
dance with one or more embodiments. 

FIG. 4 shows a schematic view of an embodiment of an 
image processing system for performing a method according 
to the present disclosure. An imaging device unit 1 may 
comprise a visual imaging device 11 having a visual sensor 
and an IR imaging device 12 having an IR sensor that are 
mounted so that an optical axis of the visual sensor of visual 
imaging device 11 is at a distanced from the IR sensor of IR 
imaging device 12. The visual imaging device may be any 
known type of visual imaging device, for example a CCD 
imaging device, an EMCCD imaging device, a CMOS imag 
ing device or an SCMOS imaging device. The IR imaging 
device may be any kind of imaging device that is able to detect 
electromagnetic radiation at least, for example, in the interval 
between 0.7 and 20 lum. The visual imaging device has a 
visual field of view C. of approximately 53°, while the IR 
imaging device has a visual field of view B of approximately 
24°. It should be appreciated by one of ordinary skill that 
other viewing angles may be used, for example through use of 
replaceable optical elements or lenses including optical ele 
ments. For IR imaging devices, replaceable optical elements 
or lenses including optical elements may for instance render 
a field of view of 15-45°. 

Blocks 101, 102, i.e. the capturing of a visual image 301 
and an IR image 302 may be performed by the imaging device 
unit 1, and the captured images are transmitted to a processing 
unit 2, also referred to as a processor, where the remaining 
blocks are performed. According to a further embodiment, 
the optional step in block 106 of FIG. 1, i.e. reducing noise 
and blurring a captured IR image, may be performed by 
image processing means or an image processor incorporated 
in the imaging device, where after the visual image and the 
processed IR image are transmitted to a processing unit 2. 
where the method steps of the remaining blocks of FIG. 1 are 
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performed. Said processing unit 2 may be a processor Such as 
a general or special purpose processing engine Such as, for 
example, a microprocessor, microcontroller or other control 
logic or an FPGA unit (Field-programmable gate array) that 
comprises sections of code, stored on a computer readable 
storage medium, that are fixed to perform certain tasks but 
also other sections of code, stored on a computer readable 
storage medium, that can be altered during use. Such alterable 
sections can comprise parameters that are to be used as input 
for the various tasks, such as the calibration of the IR imaging 
device 12, the alignment for the visual imaging device 11 and 
IR imaging device 12, the sample rate or the filter for the 
spatial filtering of the images, among others. 

In this document, the terms “computer program product’ 
and “computer-readable storage medium' may be used gen 
erally to refer to non-transitory media Such as memory 41, the 
storage medium of processing unit 2, or the storage medium 
of control unit 42. These and other forms of computer-read 
able storage media may be used to provide instructions to 
processing unit 2 for execution. Such instructions, generally 
referred to as "computer program code' or computer program 
codeportions (which may be grouped in the form of computer 
programs or other groupings) are adapted to control a data 
processing system to perform any or all of the method steps 
and functions of the inventive method, as described above. 
Thus when executed, the computer program code portions 
enable the imaging device unit 1 or a computer to perform 
features or functions of embodiments of the current technol 
ogy. Further, as used herein, processing logic or logic may 
include hardware, Software, firmware, or a combination of 
thereof. 
The processing unit 2 communicates with a memory 41 

where such parameters are kept ready for use by the process 
ing unit 2, and where the images being processed by the 
processing unit 2 can be stored if the user desires. Memory 41 
may be a random access memory (RAM), a register memory, 
a processor cache, a hard disk drive, a floppy disk drive, a 
magnetic tape drive, an optical disk drive, a CD or DVD drive 
(R or RW), or other removable or fixed media drive. The 
memory 41 in turn communicates with a control unit 42 
where said parameters originate, for instance through input 
from a calibration file 43 that can be supplied from a manu 
facturer, by parameters being Supplied by the image process 
ing system itself. Such as for instance data from a sensor or the 
like regarding the distance from the imaging device unit 1 to 
an object whose image is captured, or by parameters being 
Supplied by the user. The control unit 42 can be a program 
mable unit and determine the parameters needed for perform 
ing exemplary methods and how Such parameters should 
interact with the processing unit 2 and store these parameters 
in the memory 41 for easy retrieval by the processing unit 2. 

After the processing unit 2 has performed the operation of 
aligning the images (block 103), up-sampling the original IR 
image 302 to generate an up-sampled IR image (block 104), 
high pass filtering of the original visual image 301 to generate 
a processed visual image 304 (block 105), low pass filtering 
of the up-sampled IR image to generate a processed IR image 
305 (block 106), combining the processed visual image 304 
with the processed IR image 305 to generate a combined 
image 307 (block 107), and adding high frequency noise to 
this combined image 307 (block 108), the resulting image is 
presented in a display unit 3 in order to be viewed by the user 
of the image processing system. If desired, the user can save 
the combined image 307 or any of the other images corre 
sponding to the different method steps to the memory 41 for 
later viewing or for transfer to another unit. Such as a com 
puter, for further analysis and storage. 
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According to embodiments of the present invention, the 
processing unit 2 may be adapted or configured to perform 
any or all of the method steps or functions described above. 

In an alternative embodiment, disclosed methods can be 
implemented by a computing device Such as a PC that may 
encompass the functions of an FPGA-unit specially adapted 
for performing the steps of the method for one or more 
embodiments of the present invention, or encompass agen 
eral processing unit 2 according to the description in connec 
tion with FIG. 4. The computing device may further comprise 
the memory 41 and control unit 42 and also the display unit 3. 
It would be possible to use the disclosed methods live, i.e. for 
a streamed set of images filtered and combined in real time, 
for instance at 30 Hz, that can be recorded and replayed as a 
movie, but it would also be possible to use still pictures. 

In one example, the user may be allowed to alter a positive 
factoralpha for determining how much of the luminance from 
the visual image 301, 304 that is to be used for combining 
with the IR image 302,305, for instance by using the equation 
below. The luminance Y of the combined image 307 is 
achieved by adding the luminance of the processed IR image 
305 to the luminance of the highpass filtered visual image 
multiplied by a factor alpha. The combined components Cr 
and Cb are taken directly from the IR image 302,305 and are 
therefore not affected by this process. If another color space is 
used, the equations are of course transformed before use. 

comb y - iralphaxhip y Vis 

comb cr=c ir 

comb ch =ch ir 

which in another notation would be written as: 

comb, y +alphahp, 

comb-cr. 

comb-ch. 

The variation of alpha thus gives the user an opportunity to 
decide how much contrast is needed in the combined image. 
With an alpha of close to zero, the IR image alone will be 
shown, but with a very high alpha, Very sharp contours can be 
seen in the combined image. Theoretically, alpha can be an 
infinitely large number, but in practice a limitation will prob 
ably be necessary, to limit the size of alpha that can be chosen 
to what will be convenient in the current application. 

The up-sampling of the resolution of the IR image 302 at 
block104 can alternatively be performed as a down-sampling 
of the visual image 301 to match the resolution of the IR 
image 302, or indeed a combination of an up-sampling of the 
IR image 302 and a down-sampling of the visual image 301 to 
a resolution that none of the images 301,302 originally have, 
as long as the result is that the IR image 302 and the visual 
image 301 have the same resolution after the sampling step. It 
may be convenient to determine the resolution depending on 
the display area such as the display unit 3 where the combined 
image 307 is to be displayed and to sample the image or 
images 301, 302 to match the resolution to the most suitable 
for the display unit 3. 

It will be appreciated that, for clarity purposes, the above 
description has described embodiments of the technology 
with reference to different functional units and processors. 
However, it will be apparent that any suitable distribution of 
functionality between different functional units, processors 
or domains may be used without detracting from the technol 
ogy. For example, functionality illustrated to be performed by 
separate processors or controllers may be performed by the 
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18 
same processor or controller. Hence, references to specific 
functional units are only to be seen as references to Suitable 
means for providing the described functionality, rather than 
indicative of a strict logical or physical structure or organiza 
tion. 
The present disclosure is not to be seen as limited by the 

embodiments described above, but can be varied within the 
scope of the claims, as will be readily understood by the 
person skilled in the art. 
The invention claimed is: 
1. A method, comprising: 
receiving, by a processor, a visual image of a scene cap 

tured using a visual image sensor; 
receiving, by the processor, an infrared (IR) image of the 

Scene captured using an IR image sensor; 
for a portion of said IR image: 

extracting, by the processor from a corresponding por 
tion of the visual image, pixel data representing high 
spatial frequency content, wherein the high spatial 
content includes contours and/or edges that show low 
or no contrast in the IR image; and 

combining, by the processor, luminance information of 
said extracted pixel data from said portion of the 
visual image with luminance information of corre 
sponding pixels in said portion of the IR image to 
augment the IR image with the contours and/or edges 
from the visual image, wherein the augmented IR 
image comprises temperature information that is 
unaltered by the combining. 

2. The method of claim 1, wherein the corresponding por 
tion of the visual image is the portion that shows the same part 
of the observed real world scene as the portion of the IR 
image. 

3. The method of claim 1, wherein the portion of said IR 
image is the entire IR image. 

4. The method of claim 1, wherein said portion of the IR 
image and said corresponding portion of the visual image are 
scaled to a predetermined size. 

5. The method of claim 4, wherein said predetermined size 
is a selection of: 

the size of the captured IR image: 
the size of the captured visual image; and/or 
the size of a display onto which the augmented IR image is 

to be displayed. 
6. The method of claim 1, further comprising receiving a 

control signal indicating a manual selection of a portion of 
said IR image. 

7. The method of claim 1, wherein said portion of the IR 
image is a predetermined area in the IR image. 

8. The method of claim 1, wherein the resolution of the 
visual image and the resolution of the IR image are substan 
tially the same. 

9. The method of claim 1, further comprising ensuring that 
a resolution for said portion of the visual image and said 
portion of the IR image are Substantially the same. 

10. The method of claim 1, further comprising checking 
whether a resolution for said portion of the visual image and 
said portion of the IR image are substantially the same; and 
wherein, if the resolution for said portion of the visual image 
and said portion of the IR image are not substantially the 
same, altering a resolution of said portion of the visual image 
and/or a resolution of said portion of the IR image Such that 
the resolution for said portion of the visual image and said 
portion of the IR image are Substantially the same. 

11. The method of claim 1, further comprising altering at 
least one of a resolution of said portion of said visual image 
and a resolution of said portion of said IR image Such that said 
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portion of the visual image and said portion of the IR image 
have substantially the same resolution. 

12. The method of claim 1, further comprising up-sam 
pling a resolution of said portion of said IR image to substan 
tially a resolution of said portion of said visual image and/or 
down-sampling the resolution of said portion of said visual 
image to substantially the resolution of said portion of said IR 
image. 

13. The method of claim 1, further comprising altering a 
resolution of said portion of said visual image and a resolution 
of said portion of said IR image to be substantially the same 
as a third resolution. 

14. The method of claim 1, wherein a resolution of said 
portion of the IR image is 64x64 pixels or less. 

15. The method of claim 1, wherein a resolution of said 
portion of the IR image is 32x32 pixels or less. 

16. The method of claim 1, wherein the extracting high 
spatial frequency content from said portion of said visual 
image is performed by high pass filtering using at least one 
spatial filter. 

17. The method of claim 1, further comprising processing 
said IR image to reduce noise in the IR image and/or smooth 
the IR image. 

18. The method of claim 1, further comprising low pass 
filtering said IR image prior to the combining. 

19. The method of claim 1, further comprising low pass 
filtering said IR image by use of a spatial filter prior to the 
combining. 

20. The method of claim 1, wherein the combining com 
prises Superimposing said extracted high spatial frequency 
content from said portion of said visual image on said portion 
of said IR image. 

21. The method of claim 1, wherein the combining com 
prises Superimposing said IR image on said extracted high 
spatial frequency content from said visual image. 

22. The method of claim 1, wherein the combining com 
prises adding only a luminance component of said portion of 
said visual image to said portion of said IR image. 

23. The method of claim 22, wherein the combining com 
prises adding a luminance component of said portion of said 
visual image multiplied by a factor to said portion of said IR 
image. 

24. The method of claim 23, wherein said factor is variable 
based on a control parameter received from an input from a 
USC. 

25. The method of claim 1, further comprising adding high 
resolution noise to said augmented IR image. 

26. The method of claim 1, further comprising maintaining 
an IR palette for said IR image and/or for said augmented IR 
image. 

27. The method of claim 1, further comprising capturing a 
Visual image and an IR image of a scene, and wherein the 
method of claim 1 is performed by an imaging device com 
prising an IR image capturing device and a visual image 
capturing device. 

28. The method of claim 1, wherein the method is per 
formed by a computer adapted to receive a visual image and 
an IR image of a scene. 

29. A non-transitory computer-readable medium storing a 
computer program for combining an IR image with a visual 
image, the computer program comprising computer program 
code portions devised to control a data processing system to 
perform operations comprising: 

receiving a visual image of a scene captured using a visual 
image sensor, 
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20 
receiving an infrared (IR) image of the scene captured 

using an IR image sensor, 
for a portion of said IR image: 

extracting, from a corresponding portion of the visual 
image, pixel data representing high spatial frequency 
content, wherein the high spatial frequency content 
includes contours and/or edges that show low or no 
contrasts in the IR image; and 

combining luminance information of said extracted 
pixel data from said portion of the visual image with 
luminance information of corresponding pixels in 
said portion of the IR image to augment the IR image 
with the contours and/or edges from the visual image, 
wherein the augmented IR image comprises tempera 
ture information that is unaltered by the combining. 

30. The non-transitory computer-readable medium of 
claim 29, wherein the operations further comprise: 

checking whether a resolution for said portion of the visual 
image and said portion of the IR image are substantially 
the same; and 

wherein, if the resolution for said portion of the visual 
image and said portion of the IR image are not substan 
tially the same, altering a resolution of said portion of the 
Visual image and/or a resolution of said portion of the IR 
image such that the resolution for said portion of the 
visual image and said portion of the IR image are sub 
stantially the same. 

31. An imaging device, comprising: 
a visual image sensor for capturing a visual image: 
an IR image sensor for capturing an IR image; and 
a processing unit adapted to: 

for a portion of said IR image: 
extract, from a corresponding portion of the visual 

image, pixel data representing high spatial frequency 
content from a corresponding portion of said visual 
image, wherein the high spatial frequency content 
includes contours and/or edges that show low or no 
contrast in the IR image; and 

combine luminance information of said extracted pixel 
data from said portion of the visual image with lumi 
nance information of corresponding pixels in said 
portion of the IR image to augment the IR image with 
the contours and/or edges from the visual image, 
wherein the augmented IR image comprises tempera 
ture information that is unaltered by the combining. 

32. An imaging device, comprising: 
a visual image sensor for capturing a visual image: 
an IR image sensor for capturing an IR image; and 
a processing unit adapted to: 

for a portion of said IR image: 
extract, from a corresponding portion of the visual 

image, pixel data representing high spatial frequency 
content from a corresponding portion of said visual 
image, wherein the high spatial frequency content 
includes contours and/or edges that show low or no 
contrast in the IR image; and 

combine luminance information of said extracted pixel 
data from said portion of the visual image with lumi 
nance information of corresponding pixels in said 
portion of the IR image to augment the IR image with 
the contours and/or edges from the visual image. 
wherein the augmented IR image comprises tempera 
ture information that is unaltered by the combining, 
wherein the processing unit is further adapted to per 
form the method of claim 10. 

ck k *k k k 


